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The authors present the resu l t s  of calcula- 

t ions of the fluxes of outgoing shortwave and long- 
wave radiat ion a t  plane surfaces of various orien- 
t a t i o n  located i n  the atnosphere at a height of 300 
kilometers. The calculations are  made f o r  a given 
angular d i s t r ibu t ion  of the in tens i ty  of the out- 
going radiation. Conclusions are drawn concerning 

f o r  computing the outgoing longwave radiation. 
the poss ib i l i ty  of using an isotropic 

The question of the incidence of terrestrial  radiat ion on 
variously oriented surfaces at  a given leve l  i n  the atmosphere i s  of 
great  importance i n  connection with the problem of the heat balance 
of a r t i f i c i a l  ear th  satellites, the interpretat ion of measurements 
of the outgoing radiat ion made with the a id  of meteorological s a t e l -  
lites, and so on. A s  the authors have already shown [I-], the fluxes 
of outgoing longwave radiation at variously oriented surfaces de- 
crease f a i r l y  uniformly with increase i n  the angle of incl inat ion 
of the  surface. 
on re la t ive  values of the radiation fluxes ( re la t ive  t o  the  f l u x  
through a horizontal  surface). 

Relative values of the outgoing longwave radiat ion fluxes 
F/Fh, computed from the angular dis t r ibut ion of the in tens i ty  of the 

outgoing radiat ion at the equator and at  6 5 " ~  for  a c lear  sky and 
continuous cloud with the top of the layers a t  heights of 3 a d  9 lan 
are indicated by c i r c l e s  i n  Fig. 1. An inspection of this f igure 
shows that the dependence of the re la t ive  radiat ion fluxes on the 
angle of incl inat ion i s  practically universal. 
computed from the 
going radiat ion [J, are  very close t o  the re la t ive  values computed 
i n  accordance with the nisotropic'l approximation. 
approximate calculations of the re la t ive  fluxes of outgoing longwave 

The work described i n  t h i s  a r t i c l e  is  based mainly 

The re la t ive  values, 
iven angular intensi ty  d is t r ibu t ion  of the out- 

Theref ore, f o r  
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radiat ion a t  different ly  oriented surfaces i n  the atmosphere t h i s  
approximation may be employed. 
is  s t i l l  necessary t o  make an additional investigation of the case 
of p a s t i a l  cloud nonuniformly distributed i n  the horizontal direction. 

It should be noted, however, t h a t  it 

t 

Fig. 1. Relative fluxes of outgoing 
longwave radiation as a function of 
angle of inclination of surface. 
Circles - F/F f o r  the equator and 

6 5 " ~  f o r  c lear  sky and continuous 
cloud. Solid curve - re la t ive  fluxes 
as a function of angle of incl inat ion 
f o r  outgoing radiation. 

h 

On the basis of calculations of the fluxes of outgoing long- 
wave radiation it i s  possible t o  estimate the angle a t  the vertex of 
the cone, within the limits of which 90% of the f lux  incident on a 
given surface i s  included. These calculations show that f o r  a l l  the 
chosen orientations of the surfaces t h i s  angle (or the so-called 
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"effective zone") is  roughly 60". 
of incl inat ion a > 70" does the effect ive zone increase t o  70.. 

going longwave radiation i s  included, i s  roughly 30" f o r  surfaces 
with an -le of incl inat ion a < TO", and 45-50" f o r  surfaces with 
an angle of inclination a > 70". 

of outgoing shortwave radiation at variously oriented surfaces. 

Only f o r  surfaces with an angle 

The effect ive zone, within the limits of which 5O$ of the out- 

L e t  us  now consider the results of computations of the fluxes 

Fig. 2. Relative fluxes of out- 
going shortwave radiation as a 
function of the angle of inclina- 
t i o n  of the surface f o r  zo = 75" ,  
I+ = 0.2 and q = 0.1. 

The shortwave fluxes were calculated from the angular in tens i ty  
d is t r ibu t ion  of outgoing radiation obtained by theoret ical  m e a n s  i n  
e21 

Note t h a t  i n  E21 the angular in tens i ty  d is t r ibu t ion  f o r  out- 
going shortwave radiat ion w a s  calculated f o r -  a plane-parallel, hori- 
zontally s t r a t i f i e d  atmosphere, a t  the top of which the sun's rays 



were incident i n  a pa ra l l e l  beam. 
the ear th  r e f l ec t s  the incident radiation i n  accordance with Lambert's 
law.  The scat ter ing coefficient and indicatr ix  are assumed t o  be 
given. 
scat ter ing function with height is  taken in to  account very simply: 
the atmosphere is  divided ver t ica l ly  in to  two layers, i n  each of 
which the indicatr ix  i s  assumed t o  be constant. 

It i s  assumed tha t  the surface of 

Polarization of the l i gh t  i s  neglected. The var ia t ion i n  the 

t 
Fig. 3 .  Relative fluxes of out- 
going shortwave radiation as a 
function of the angle of inclina- 
t i o n  of the surface f o r  z = 30", 

0 
T* = 0.8 and g = 0.8. 

The angular in tens i ty  dis t r ibut ion of the outgoing shortwave 
radiat ion may be f a i r l y  complex, depending on the d is t r ibu t ion  of 
cloud over the area i n  question, the albedo of the surface, and the 
conditions of exposure of the surface t o  d i r ec t  solar radiation. 
calculations of the intensi ty  of the outgoing shortwave radiation, 
made i n  E21 f o r  a completely exposed surface with uniform albedo, 
showed that fo r  small zenith angles of the sighking point (up t o  45") 

The 
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the outgoing radiation in tens i t ies  f o r  real and isotropic scat ter ing 
are similar i n  magnitude at  a l l  azimuths. 
the radiat ion in tens i t ies  are s ignif icant ly  different ,  the difference 
increasing with decrease i n  the azimuth of the  point i n  question 
(azimuth reckoned from the direction of the sun). It is necessary 
t o  emphasize that these r e su l t s  were obtained f o r  a plane-parallel 
atmosphere and very simple opt ica l  conditions. 
assumed that under real conditions the f i e l d  of outgoing shortwave 
radiat ion may be essent ia l ly  nonisotropic. 

A t  large zenith angles 

Thus, it may be 

Fig. 4. 
going shortwave radiat ion as a 
function of the angle of inclina- 
t i on  of the surface f o r  zo = 75", 

Relative fluxes of out- 

T* = 0.8 and q = 0.8. 

Accordingly, accurate values of the f luxes of outgoing short-  
wave radiation a t  different ly  oriented surfaces may be calculated 
only by numerical integration with respect t o  a given angular in -  
t ens i ty  d is t r ibu t ion  of the outgoing radiation. 
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W e  have calculated the f l u e s  of outgoing shortwave radiation 
a t  variously oriented surfaces a t  a height of 300 km. 
t ions w e r e  made i n  accordance with the method described i n  [l] . 

A l l  the computations i n  E21 were made i n  re la t ive  units. 
we are investigating the va r i ab i l i t y  of the dis t r ibut ion of the out- 
going radiat ion fluxes at  inclined surfaces as a function of t h e i r  
or ientat ion and the fluxes at the inclined surfaces are compared 
with those at  a horizontal surface, the values of the fluxes may 
a lso  be expressed i n  re la t ive  units. 

surfaces with an angle of inclination with respect t o  the horizontal 
plane a = 0, 1L), 30, 50, 70 and w", oriented along the azimuth $ = 0, 
90 and 180" relative t o  the direction of the sun and f o r  the follow- 
ing values of the opt ica l  parameters: 
atmosphere r" = 0.2, 0.4 and 0.8; solar  zenith distance z 

and 75"; and surface albedo q = 0.1, 0.3 and 0.8. 
computations are presented i n  Tables 1-3. 

An analysis of the data obtained shows that the va r i ab i l i t y  
of the  fluxes of outgoing shortwave radiation as a function of the 
angle of incl inat ion of the surface is roughly the same as i n  the 
case of longwave radiat ion fluxes (cf. f11). 
fluxes (expressed i n  relative units) vary s ignif icant ly  as a function 
of the so lar  zenith distance, the opt ica l  thickness of the atmosphere, 
and the surface albedo. A comparison of the values f o r  the outgoing 
radiat ion fluxes revealed that at small albedos (g = 0. I-) f o r  a given 
so lar  zenith distance the fluxes of outgoing radiat ion a t  plane sur- 
faces with different  orientation increase with increase i n  the 
opt ica l  thickness of the atmosphere. 
fluxes of outgoing shortwave radiation decrease with increase i n  the 
opt ica l  thickness of the atmosphere, given a constant solar  zenith 
angle. C l e a r l y ,  these r e su l t s  are at t r ibutable  t o  the e f f ec t  of at- 
mospheric haze, which increases the albedo of the system surface- 

it when the 
surface has a high albedo. 

fluxes of outgoing shortwave radiation increase by 3-5 times with in- 
crease i n  the surface albedo from 0.1 t o  0.8. 

( re la t ive  t o  the f lux  at  a horizontal surface) F/F on the steepness 

and azimuth of the surface i s  presented graphically i n  Figs. 2-4. 
The broken-line curve was  calculated f o r  re la t ive  values of the iso- 
t ropic  shortwave radiation fluxes. It is  c lear  from the figure that 
f o r  high values of the albedo the re la t ive  values of the radiat ion 
fluxes,  calculated from the angular d i s t r ibu t ion  of the in tens i ty  of 
the outgoing shortwave radiation, d i f f e r  comparatively l i t t l e  from 

/446 The calcula- 

Since 

The fluxes of outgoing shortwave radiation were computed f o r  

op t ica l  thickness of en t i r e  
= 30, 60 0 

The resu l t s  of the 

The outgoing radiation 

A t  high albedos (q = 0.8) the 

atmosphere when the surface has a low albedo and reduces /447 
For constant values of T* and z O t h e  

The dependence of the re la t ive  shortwave radiat ion fluxes 

h 
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the corresponding values computed for an isotropic radiat ion f ie ld .  
Noteworthy differences are observed a t  low values of the albedo (Fig. 
2, q = 0.1) and at high solar zenith distances. 
with the fact tha t ,  as noted i n  c21, with decrease i n  the surface 
albedo there is  an increase i n  the ef fec t  of nonisotropic scattering. 

The relative values of the fluxes of outgoing shortwave radi-  
a t ion  f o r  small so lar  zenith distances (zo = 30°) prove t o  be f a i r l y  

c lose f o r  different  combinations of the opt ica l  character is t ics  
and q. 

This is connected 

The dependence of the relat ive fluxes on the azimuth is  in-  
considerable at  small, but more appreciable at large solar zenith 
distances. 

selected i n  many cases the a n g u l a r  dependence of the r e l a t ive  values 
of the  outgoing shortwave radiation f luxes i s  prac t ica l ly  the same 
and closely corresponds t o  the dependence f o r  the case of an iso-  
t ropic  radiation f i e ld .  

In more complex opt ica l  si tuations,  when the area of the sur- 
face within the f i e l d  of v i e w  of the instrument is  p a r t i a l l y  i l lumi-  
nated by the sun, and f o r  conditions of p a r t i a l  cloud, the outgoing 
radiat ion fluxes m u s t  be determined for each individual case. There- 
fore ,  i n  the future  it will be necessary t o  calculate the outgoing 
radiat ion fluxes for  more complex cases am3 conditions of p a r t i a l  
cloud with the object of obtaining suf f ic ien t  material f o r  a statis- 
t i c a l  analysis. 

Thus, we may assume t h a t  for  the simple atmospheric conditions 
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